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Abstract 
The present study analyses the effect of solar protection arrangements on thermo-aeraulic regime inside a double-glazed facade 
coating (DFC), forced ventilated channel and under imposed working conditions. The facade has been considered being with "full 
South" guidance, exposed to normal solar radiation, with constant intensity. The "Venetian blinds" protection type has been 
investigated in optimum assumptions on the basis of previous researches [9], with regard to its positioning at 1/4th of the width of 
the channel, near exterior glazing and forced ventilation, under constant flow rate of 1260 m3/h. The opening angle of the blinds, as 
the sole variable parameter, has been amended in succession between 0° and 90°. Solar protection influence analysis has been 
carried out by numerical simulation, with the specialized computing program ANSYS-Fluent, laying down, for each opening angle 
of blinds, variation diagrams of air streams temperatures and velocity along the width and along front panel channels. 
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1. Introduction 
Recent technological developments have entailed glass as a highly used material for buildings envelope, due to 
its multiple and complex functions which transform glazing in an active component regarding from thermal, optical 
and electrical points of view [1]. 
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As far as functional-constructive point of view, double glazed façade arose out of the necessity of protecting a 
curtain wall by placing in front of it a glass surface. The envelope thus formed influences on the thermo-aeraulic 
behavior of the hole building – directly or indirectly - based on the connection manner applied between the two 
glazed surfaces and with inside and outside environments, and also, based on the ventilation solution chosen for the 
intermediate channel [2]. 
The two transparent glass elements, placed at a certain distance, form a channel where an air flow circulates [3] 
and inside which, as applicable, a shading system can be integrated, in order to control the heat quantity acquired 
from solar radiation [4, 5].   
The main function of this system is to improve thermal protection during winter, by passive recovery of the solar 
energy and exhaust excessive heat accumulated during warm season [6]. 
The special importance of this system as far as buildings energy efficiency is concerned justifies the technical and 
scientific interest for thoroughgoing study and acknowledgment of functional outlines and solutions improvements. 
In this regard, in the specialized literature are presented results of studies and researches carried out by teams of 
specialists all over the world that clarifies many of the issues of great interest, such as: 
x recommended functional organizational design, geometry and dimensions;  
x ventilation methods and functional scenarios; 
x energy and comfort efficiency; 
x calculation models; 
x experimental testing on small scale or natural models  and others.  
Analyzing behavior of DFC equipped with solar protection is important as it allows identification of various 
phenomena that influence on system’s efficiency [7, 8]. 
Thermal-aeraulic behavior of the façade depends equally on the geometry of the façade, the characteristics of its 
components, the ventilation system and the air flow regime inside the façade channels [5]. 
The main objective of the study was to determine, by numerical modeling, the optimum opening angle of solar 
protection type venetian blinds blades in relation to dynamic insulation efficiency (ε).  
As in a previous study [9], in which the optimum position of the blinds inside the façade channel had been 
analyzed, resulting that, during summer conditions, maximum efficiency is achieved when blinds are closer to 
exterior glazing, the present study was developed taking into consideration the above mentioned conclusions.  
Numerical analysis has been elaborated for a double glazed façade having the characteristics accordingly with 
experimental setup, Table 1, inside the laboratory of Building Services Engineering Department, Technical 
University “Gheorghe Asachi “of Iasi – Fig. 1 [10]. 
       Table 1. Thermo-physical properties of components 
Component 
element 
Density 
ρ [kg/m3] 
Specific heat 
cp [J/kg·K] 
Thermal conductivity 
λ[W/m·K] 
Absorption 
index, a 
Refractive 
index, τ 
Reflection 
index, r 
exterior glazing 2 500 670 5.3 0.11 0.82 0.07 
air 1.225 1 006.43 0.0242 0 1 0 
racks   steel 8 030 502.48 43 0.65 0* 0.35 
blinds aluminum 2 719 871 202.4 0.76 0* 0.24 
interior glazing 2 500 670 1.4 0.18 0.69 0.13 
*during simulation, solar protection has been considered as semi-transparent surface with refractive coefficient assimilated with the 
corresponding percentage of free surface resulted for the blades angle. 
Main characteristics of the model are: 
x dimensions- 2.1 m height, 1.5 m length, 30 cm channel width; 
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x façade channel consisting of one exterior simple glass (2) of 6 mm thickness and one interior double glazed type 
window (3) with 27 mm thickness, made of 2 layers of glass of 6 mm respectively 5 mm thickness and 16 mm air 
interspace; 
x Venetian type blinds (8) – made of horizontal metallic adjustable blades of 25 mm width and 22,5 mm 
interspaces;-positioned at 1/4 D behind exterior glazing; 
x Air flow balancing grilles, with 50% obscuration rate, mounted along the façade channel at both at supply and 
exhaust in/out of the channel (6 and 7). 
 
 
 
 
 
 
 
 
 
 
Legend: 
1 – supply; 
2 – exterior glazing; 
3 –interior glazing; 
4 – entrance box; 
5 – exhaust; 
6 – superior grille; 
7 – inferior grille; 
8 – blinds;  
   a)   b) 
Fig. 1. Description of the geometry (a) and the mesh (b) of the model 
2. Modeling hypothesis 
Modeling was carried out under permanent regime, for blades inclination angels of 0°, 30°, 45°, 60°, under the 
following hypotheses: 
x direct solar radiation intensity imposed on exterior glass of the façade : 285 W/m2;  
x diffuse solar radiation intensity: 82 W/m2;  
x outside air temperature, Te : 30°C (which is the inlet temperature for simulated cases) and convective heat 
transfer coefficient from the façade with exterior air, αve : 24 W/m2oC; 
x inside temperature, Ti : 25 °C and convective heat transfer coefficient from the façade with interior air, αvi : 8 
W/m2oC; 
x forced convection, with constant flow rate of 1260 m3/h, according to the average velocity of  
0.5 m/s at the inlet section and turbulence intensity of 4.7 %. 
Numerical simulations were conducted with the program ANSYS-Fluent [12] based on control volumes method 
and using SIMPLE algorithm [13]. For meshing, has been used a non-uniform and rectangular mesh which has 
maximum face size of 0.0035 m, 96333 elements, 99301 nodes and 195779 faces. The height of the first cell, near 
the exterior and interior glass is 1.75 mm and the number of the prism layers in the boundary layer is 4. 
In order to choose an appropriate model of turbulence were tested and analyzed different turbulence models (k-ε 
realizable, k-ε RNG and Spalart-Allmaras) and additionally the laminar model, for the opening angle of 45° (Fig. 2). 
Temperature variations were represented in Fig. 2 and we can observe that is no notable difference between the 
different turbulence models. Thus, it was chosen the use of k-ε realizable in all cases of study, which is widely used 
in computational fluid dynamics and validated for classical cases of turbulence flows including the channels with 
obstacles and layer flows [12].  
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For radiation, Discrete Ordinates model (DO) which solves the radiative transfer equation for a finite number of 
discrete solid angles, was adopted to simulate the radiation, being the only model where solar direct and diffuse 
radiation is mentioned. Calculation is iterative, having convergence limit of 10−6 for temperature and 10−4 for 
pressure and velocity. 
 
a) supply section, 10 cm above inferior grille (H=0,10m); b) exhaust section, 10 cm beneath superior grille (H=2m) 
Fig. 2. Temperature variations for turbulence models simulated 
3. Results interpretation 
Results are presented as velocity and temperatures spectra (Fig. 3), graphs variations (Fig. 4 and 5) and velocity 
vectors (Fig. 6), in the vertical median section of the facade, at H=0.10 m; H=1.05 m; H=2.00 m (10 cm upstream 
and downstream the supply/exhaust section and half façade), with a 2.5 cm step alongside façade width. 
Analyzing the results given by the four versions of blades opening, we can underline the following aspects: 
General  
x Blinds blades opening induce local and transversal circulations between channels, comparatively more intense 
alongside the supply and exhaust section due to disruptive effect of distribution grilles (Fig. 3) and the spread 
difference between pressure and temperature; 
x For opening angles of 45° and 60° transversal circulations are dominant. 
Temperature related  
x Temperature values differ along the façade, as they are obviously higher inside exterior channel and decreasing 
as we focus towards the glazing inside the interior channel; 
x Temperature variation inside control sections is relatively uniform inside the interior channel unrelated to 
opening angles and more pronounced inside the exterior channel (Fig. 4); 
     
Fig. 3. Temperature (oC) and velocity spectrum (m/s) 
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x - Solar protection acts like a barrier for the radiative flow accumulating heat and reducing the air heating effect 
inside the channel and alongside interior glazing for opening angles wider than 30°; 
x Maximum temperature along blinds is registered at 45° opening, reaching 65°C, when the minimum value is 
reached at 0° opening angle; 
x Temperature specters are correlated with velocity specters as they are inversely proportionate; 
x For all angles, inside glazing temperatures vary between 27 to 29°C, and outside glazing temperatures vary 
between 30 to 34°C; 
x Air temperatures vary between 30 to 31°C in the axis of inside channel and between 31 to 40°C inside exterior channel.  
   
a) supply section, 10 cm above inferior 
grille (H=0,10m); 
b) middle section, halfway facade 
(H=1,05m); 
c) exhaust section, 10 cm beneath superior 
grille (H=2m). 
Fig. 4. Temperature variation along channel width related with blinds opening angle 
Velocity related 
x Velocities vary alongside façade with significantly higher values inside the interior channel; 
x Medium velocity values are between 0.52 m/s and 0.58 m/s for all sections inside the interior channel and 
between 0.10 m/s and 0.18 m/s inside exterior channel, (Fig. 5); 
x Along control sections maximum values of velocities are registered along channel axis reaching up to 0.5 m/s 
inside exterior channel, respectively 1.0 m/s inside interior channel and decrease towards glazing and protection 
section; 
   
a) supply section, 10 cm above inferior 
grille (H=0,10m);   
b) exhaust section, 10 cm beneath superior 
grille (H=2m) 
c) middle section, halfway facade 
(H=1,05m); 
Fig. 5. Velocity profiles 
Mass transfer related 
x Presence of sunscreen facade induces local turbulence and mass transfer between its channels, as shown in Fig. 5; 
x Phenomenon intensity and direction of movement is influenced by the opening angle and the gap position control 
section temperature / pressure between the two channels; 
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x In the supply area the flow lines indicate transfer from the exterior to the interior channel; 
x In the middle area are recorded, especially local circulation phenomena between blades, proportional to the 
opening angle; 
x  In the exhaust area the mass transfer is increases from the inner channel to the outer channel. 
 
a) supply (H=0,10m) 
 
b) middle (H=1,05m) 
 
c) exhaust (H=2m) 
Fig. 6. Velocity spectrum recorded between blades 
Table 2. Dimensionless numbers and convective heat transfer coefficients inside façade channel 
No. 
 
Façade 
configuration 
Blade 
angle 
Vmed 
[m/s] 
Tmed 
[°C] 
  Re Pr Nu αv 
[W/m2oC] 
αp 
[W/m2 oC] 
αk 
[W/m2 oC] 
1 Exterior 
channel 
0 0.182 31.96 1 316.6 0.77 6.43 24 2.31 0.56 
30 0.103 38.72 745.10 0.77 4.08 24 1.45 0.35 
45 0.108 45.71 781.27 0.77 4.24 24 1.66 0.37 
60 0.023 34.21 166.38 0.77 1.23 24 1.93 0.10 
2 Interior 
channel 
0 0.718 30.6 14 232.7 0.77 43.20 8 2.31 1.34 
30 0.740 32.03 14 668.79 0.77 44.26 8 1.45 1.37 
45 0.763 32.22 15 124.72 0.77 45.36 8 1.66 1.40 
60 0.728 30.43 14 430.92 0.77 43.68 8 1.93 1.35 
For each blinds study position, dimensionless numbers, Re, Pr, Nu, values had been calculated, as well as 
convective heat transfer coefficients at surface bounding elements (Table 2) for the two façade channels related on 
flowing regime and surfaces temperatures, for each opening blades angles, where: αv, αp, αk represents convective 
heat transfer coefficients respectively from glass surfaces to exterior and interior air (αv), at the surface of the blades 
(αp) and from glass surfaces to air inside the channels (αk). 
Convective transfer coefficient varies between 0.10 and 0.56 (W/m2K) for exterior glazing. The highest value of 
the convective exchange coefficient is registered at blades opening angles of 45°, reaching 1.40 (W/m2K), as for 
other angles, convective heat exchange coefficient remains steady around values between 1.37 (W/m2K) and 1.34 
(W/m2K). 
As far as interior glazing is concerned, coefficient value increases starting to 0° opening angle up to 45°, when it 
reaches the maximum value, followed by a decrease around de 60° angle. 
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4. Dynamic insulation efficiency 
For comparative and quantifies assessment of energetic effect of the blinds over thermal regime inside DFC 
susceptible to overheat during summer regime, dynamic insulation efficiency has been calculated, for each blades 
opening angle. Dynamic insulation efficiency is defined as ratio between heat flow of exhausted air and (Qr) and 
total heat flow supplied inside the protected area (Qinc). 
r
inc
Q
QH         (1) 
Due to variable thermal regime, induced in the two compartments of façade by solar protection presence, total 
flow exhausted, Qr, has been determined as sum of partial flows. 
1 1 1rc vc p cQ m c T  '   (2) 
2 2 2rc vc p cQ m c T  '   (3) 
where: mvc1 –mass exhausted airflow from the exterior channel; mvc2 –mass exhausted airflow from inside interior 
channel; cp – air specific heat; Δtc1 – temperature difference between supply and exhaust air from the exterior channel 
of the facade; Δtc2 – temperature difference between supply and exhaust air from the interior channel of the facade. 
Thermal flow received from the external environment supplied in the protected area, by radiation and convection 
(Fig. 7), in double skin façade respectively is determined by the following equation: 
 int 1 2inc i glo ext rc rcQ A I k T T Q QW 3          (4) 
Where: Πτi – intermediate surfaces transmittance product; kglo – global heat transfer coefficient; tint – inside air 
temperature, in the protected space; text - outside air temperature; I- global solar radiation component, normal along 
façade surface; A - façade surface. 
int
1 1
1 1glo ii
ext
k
R G
D D O
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  (5) 
where Ri represent the thermal-conductive-convective and radiative transfer trough façade elements. 
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Fig. 7. Energy flow schema along the facade 
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Table 3 presents consecutive values of solar protection calculated, accordingly with blades opening angle, 
Eq. (1). 
   Table 3. Dynamic insulation efficiency 
No. 
 
Angle of  
blinds 
Πτi×A×I 
[W] 
kglo 
[W/m2K] 
mvc1 
[kg/s] 
mvc2 
[kg/s] 
Δtc1 
[K] 
Δtc2 
[K] 
Qrc1 
[W] 
Qrc2 
[W] 
Qr 
[W] 
Qinc 
[W] 
ε 
[%] 
1 0° 632.70 0.077 0.0106 0.2269 2 0.9 21.33 205.52 226.85 859.73 26.4 
2 30° 208.77 0.076 0.0057 0.2327 6.9 1.6 39.58 374.71 414.29 623.86 66.4 
3 45° 158.12 0.070 0.0039 0.2716 5.9 1.2 23.15 328.01 351.17 509.83 68.9 
4 60° 88.56 0.076 0.0023 0.2381 1.7 0.5 3.93 119.81 123.77 189.73 65.2 
Dynamic insulation efficiency reaches the maxim value of 68.9% for an opening angle of 45°, and 26.4% for 0°, 
which can be stated that the blinds offer the best protection for an opening blades angle of 45 degrees. Mass air flow 
determined inside the façade channels (mvc1 and mvc2) was studied according with average velocities for the 
chosen modeling hypothesis. 
Incident solar radiation values over intermediate surfaces had been calculated according to glazing refraction 
indexes τi. 
Solar protection has been considered as a semi-transparent surface, reflection index being assimilated with free 
area ratio with regard to blades opening. 
sinH n b
H
EW    
  (6) 
where: n – number of blind blades; b – blade width; H – total height of solar protection;  β – opening blinds 
blades angles. 
5. Conclusions 
In this paper, the influence of various angles of the venetian blind was studied in order to determine the 
efficiency of the double skin façade. The results consist of the optimum opening angle of solar protection.  
Solar protection efficiency is directly proportional with air flow velocity inside façade channel and inversely with 
blades opening angle.  
Opening blinds blades angles analysis for the interior surface of DFC reveals that the optimum opening angle is 
at 45 degrees, when the dynamic insulation efficiency reaches the maxim value of 68.9%. 
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